The study examined the extent to which skin conductance (SC), heart rate (HR), and respiration rate (RR) indexes indicated similarities and differences among arousal patterns to direct aversive stimulation, observing another experiencing the situation, and imagining oneself in the situation. Holding one's hand in 2° C. water provided the aversive situation. 36 male and 36 female unselected undergraduates underwent the 3 experiences in balanced orders. The results indicated that the direct experience was the most arousing, but the imaginative and vicarious experiences could not be clearly distinguished from one another when the magnitude of change was considered. Qualitative differentiation appeared in HR changes with the direct and imagined experiences producing HR acceleration and the vicarious experience producing deceleration. The implications of the findings for desensitization procedures and social learning theory were discussed.
The process whereby emotional responses and avoidance behaviors are learned, maintained, and eliminated has been studied extensively (e.g., Jones, 1924; Lang & Lazovik, 1963; Watson & Rayner, 1920) . The research has been paralleled by the recent development of widely used clinical techniques (e.g., Rachman, 1967) designed to modify deviant emotional behavior.
Many of these techniques depend upon theoretical assumptions and sometimes apparently unwarranted generalizations about the extinction of debilitating emotional arousal and associated avoidance behavior. For instance, laboratory studies, primarily with animals, have demonstrated that extinction of instrumental avoidance activity is difficult and very complicated under optimal conditions (e.g., Solomon & Wynne, 1954) .
The clinical techniques employing desensitization procedures (Rachman, 1967) generally assume that fear reactions will appear in decreasing magnitude to situations ordered along generalization gradients. Wolpe's (1961) desensitization procedure requires patients to visualize, over a period of time, fear situations graded in intensity from mildly provocative to intensely aversive. The anxiety of patients who can tolerate the former is presumed to extinguish as the patient remains in the nonpunitive situation. This permits the introduction of imagined situations that previously would have been more and more distressing, until the patient willingly tolerates the situation that would have been provocative of intense fear and avoidance behavior.
A critical assumption has been that imagining fear situations would arouse responses similar in character to those evoked by the real life situation, with their magnitude a function of the similarity between the two situations.
A similar assumption is made in desensitization procedures providing phobic individuals with opportunities to observe others in contact with the phobic object. Bandura, Grusec, and Menlove (1967) used a desensitization procedure in which phobic children observed normal children who were introduced to fear situations graded in evocative intensity. The assumption that vicarious arousal is similar to imagined arousal and arousal produced by direct contact with a noxious situation warranted investigation.
The research presented here compared physiological responses to direct, imagined, and vicarious arousal situations under controlled laboratory conditions. The cold pressor test provided a noxious situation that volunteer 5s would tolerate, but one that would be avoided in everyday circumstances. In ad-dition, Ss were expected to be able to imagine the experience without direct preliminary contact in the immediate situation.
One final set of variables was introduced. Since cues associated with the anticipation of pain or an aversive situation are generally felt to govern avoidance behavior, anticipatory responses to the three stress situations were compared with arousal during the stress periods.
METHOD Subjects
There were 36 male and 36 female University of British Columbia undergraduates (M age = 29.7 yr.) who volunteered to participate without advance information concerning the experimental conditions.
Apparatus
Continuous physiological recordings were provided on a Grass Model 7 polygraph. Temperature and humidity in the shielded sound-dampened experimental laboratory were controlled (temperature range: 74-76° F.; relative humidity range: 58-62%). Measures were continuously and simultaneously taken on (a) heart rate with a Grass cardiotachometer using electrodes on the volar surface of the right forearm and lateral surface of the left calf, (6) skin resistance from the first and third fingers of the right hand, and (c) respiration rate with a Phipps-Byrd bellows activating a Grass PTS volumetric pressure transducer.
Two styrofoam buckets, one with water cooled with ice to 2° C. and the other with water at room temperature (about 22° C.), provided the cold pressor test and a control experience for the imagined stress condition.
Procedure
The 5s were advised at the beginning of the experiment of the interest in their physiological reactions to cold water, and permission was obtained to have them immerse one of their hands for a brief period of time. All 5s knew they would undergo the cold pressor experience. Two 5s who refused to participate were replaced by others. Electrodes were attached and a lS-20-min. adaptation period followed to establish a stable basal pattern.
Balanced sequences of the three experimental conditions of direct, imagined, and vicarious exposure to the cold pressor test followed, depending upon 5's assignment to an experimental group. Groups were formed on the basis of the six possible orders of the three arousal conditions. A 5-10-min. adaptation period was allowed between arousal experiences.
The procedure and instructions for the three arousal conditions were as follows:
Vicarious arousal. The confederate knocked on the door of the experimental room in response to a signal and subsequently told the E, "1 have signed up for Dr. Craig's experiment. Is this where I come?" The confederate was led into the shielded room, given a seat to the right of 5, and 5 was told that, "As the next subject is already here I am going to attach him to the polygraph so that he might adapt to the experimental situation." Instructions similar to those already given 5 were given to the confederate and a 10-min. adaptation period followed. The E then instructed the confederate using the same instructions given to 5 in the direct arousal situation.
Direct arousal. The E entered the room and placed the bucket of ice water on a chair beside 5. He said, "In a moment I'm going to ask you to place your hand in this bucket of cold water. Would you immerse your hand when I ask you to do so and leave it in until I tell you to remove it." Following the 1-min. anticipatory period, 5 was asked to "Immerse your hand now please," and following 2 min. told to remove it.
Imagined arousal. The E entered the room and placed the bucket of room-temperature water on the chair, and said:
In a moment I'm going to ask you to place your hand in a bucket of water that will be slightly cool. It will not be cold, just slightly cool. While your hand is in this slightly cool water, I want you to try to the best of your ability to imagine vividly and to think continuously that the water is as cold as ice and that it is very uncomfortable. In fact, cold enough to be very painful. Try as hard as you can to create the feelings and physiological sensations you would have if this were cold ice water. Generally, subjects do very well in vividly imagining and duplicating the actual experience of placing their hand in ice water. The polygraph will be recording your physiological responses at this time so it is scientifically important that you try as hard as you can to imagine that it is very cold ice water. In one minute I will be asking you to place your hand in the water. Do try to think about it being ice-cold water for the entire time your hand is in. After 1 min. they were asked to immerse their hand. The instructions were similar to those used by Barber and Hahn (1964) .
The E remained in the adjacent room during the anticipatory and test phases of all three stress conditions and gave instructions through the open door. This provided a minimal control over the potential bias of the E's expectations.
Physiological Measures
The following indexes were obtained for each 5: Shin conductance (SC). (a) Resistance units, later transformed to log conductance, were recorded for the highest level of resistance during the final minute of the basal adaptation period, and for the lowest point of each of the three anticipatory and the three test arousal conditions, (b) Nonspecific GSRs were indicated by changes in SC of 1,000 ohms or more. These were counted for the last minute of the adaptation (basal) period and the anticipatory and Heart rate (HR). The mean of the five fastest beats was calculated during (a) the last minute of the adaptation period, (b) the minute prior to each of the three arousal conditions, and (c) the first minute of each of the actual arousal conditions.
Respiration rate (RR). The number of completed and partially completed inspiration and expiration cycles was counted for the first and second halves of each of the anticipatory and actual arousal periods, averaged and expressed in cycles per minute.
RESULTS
Both quantitative and qualitative differences in the physiological effects of the stress experiences were examined. Analyses of variance were performed on the differences between the measure of background activity and the measure taken during the anticipatory or stress periods for (a) SC, (b) frequency of nonspecific GSRs, (c) HR, and (d) RR. Another analysis of variance was performed on the elapsed time between the beginning of a period and minimum resistance during that period. The factorial design permitted between-group comparisons across sex and sequence and within-group comparisons across the time condition (anticipatory and test periods) and the three arousal conditions (Winer, 1962) . The analyses are summarized in Table 1 , and means for these measures appear in Table 2 .
Skin Conductance
Examination in Table 2 of the mean changes in log conductance across the stress conditions for both anticipatory and test periods indicates increased conductance in all cases and an ordering of arousal. The main effect across conditions was significant (p < .01). Tests of simple effects (Winer, 1962) during the test period revealed that the direct experience produced significantly greater arousal than the vicarious experience (p < .05), and that the imagined stress did not differ significantly from either the direct or vicarious experiences.
Examination of the means associated with the significant interaction effect (p < .01) between stress conditions and time (Conditions X Time) indicated that from the anticipatory to the test periods there was a decrease in arousal to the vicarious and imaginative experiences whereas there was an increase to the direct experience. Simple effects analyses of these changes over time showed that they were significant (p < .01). It would appear that arousal to the imagined and vicarious experiences is not sustained at peak level for long.
Effects across the stress experiences and the time conditions were confounded by significant sequence effects (Sequence X Conditions X Time). In view of the complexity of this three-factor interaction the analyses of the results relating to sequence effects were restricted to tests of special hypotheses. Previous direct experience with the noxious stimulus was expected to facilitate arousal during the vicarious or imagined experiences. Difference scores for 5s in sequences in which direct experience preceded either the vicarious or imaginative arousal condition were compared with the difference scores of Ss in the other sequences. Contrary to expectations the mean difference score taken during the vicarious experience for those experiencing direct arousal after vicarious arousal was greater (^ = .79) than for those with the opposite sequences (^ = .50). Similarly, arousal to the imaginative condition was less after the direct experience (% = .82) than when the imaginative condition preceded the direct condition (X = 1.21). In both instances, t tests of the differences between these means were significant (2 = 2.17 and 2.40, respectively, df = 7Q, p< .05). Rather than having facilitated arousal to the indirect stress conditions, direct experience seemed to have inhibited arousal.
Nonspecific GSRs
The frequencies of nonspecific GSRs were differentially affected by the experimental variables as indicated in Table 1 . The main effect for differences among the stress experiences was significant (p < .01), and significantly more (p < .01) nonspecific GSRs were emitted during the test periods than during the anticipatory periods.
Analyses of simple effects in the significant Time X Conditions interaction (p < .01) indicated that there was a substantially larger increase in reactivity to direct exposure than to the vicarious or imagined conditions (p < .01). These latter two conditions did not differ from each other during the test phase, nor did the three conditions differ during the anticipatory period.
A larger increase in nonspecific GSRs was observed among female 5s (% = 2.48) than among males (£= .56) (p < .01). Sex differences significantly interacted with the stress conditions. The females showed increases in the frequencies of nonspecific GSRs to the vicarious, imaginative, and direct stress conditions in that order. However, the males actually decreased in the frequency of nonspecific GSRs from the anticipatory period to the test period of the imaginative experience, whereas the frequency increased to the vicarious and direct experiences in that order. Figure 1 depicts the latencies to maximum SC during the anticipatory and test phases of the three stress conditions. Significant main effects were observed across the stress conditions (p < .Ql) and time conditions (p < .01) as was an interaction between time and the stress conditions (p < .01). Peak arousal was reached at approximately the same time (.£ = 14.02 sec.) during anticipation to the three arousal conditions. There were no significant differences between conditions during the anticipatory period. However, peak arousal to the imagined condition was reached relatively rapidly when contrasted with the vicarious and direct experiences. Arousal to the latter experiences was sustained over relatively long periods of time. During the test period the latencies during the vicarious and direct conditions did not differ significantly, but both conditions differed significantly from the imagined condition (p < .01).
Latencies to Peak Skin Conductance
Sex differences were associated with the time condition. Whereas the latency to peak arousal during the anticipatory period was similar for males (% = 14.68) and females (.? = 13.36), the males took longer to reach peak arousal during the test conditions (^ = 33.42) than the females (^ = 21.91).
An inspection of the mean latencies for the complex interaction between sex, sequence, and stress conditions (p < .01) suggested that females in the imagined-vicarious-direct sequence differed markedly from other groups in their latency to the direct experience. Peak reactivity was reached after only S.42 sec. whereas the mean for all groups combined was 27.77 sec. The interaction was difficult to interpret since the means in the analysis of this interaction represent a combination of the anticipatory and test periods, and the interaction between sex and the time conditions was significant, as described above. 
Heart Rate
Figure 2 depicts changes in HR from the basal measure across the stress and time conditions. HRs during the anticipatory periods for all stress conditions were below the basal level. Increases above the anticipatory level appeared during the test period for all stress conditions, but the increases associated with the imagined and direct experiences were substantially greater and led to increases above the basal measure. The analysis of variance indicated that stress conditions differentially influenced HR (p < .01). The interaction between the stress and time conditions was also significant (p < .01).
Analyses of simple effects in the Stress X Time interaction indicated that (a) the three groups did not significantly differ from each other during the anticipatory period; (b) during the test period both the imagined and direct stress conditions significantly differed (p < .01) from the vicarious condition, but did not differ from each other; and (c) the increase in HR from the anticipatory to the test period was significant (p < .01) for the imagined and direct stress conditions, but was not significant for the vicarious condition. Thus, anticipation of all forms of the impending stress was associated with HR deceleration. Further, the imagined and direct stress conditions were associated with HR acceleration, but the vicarious experience appears to be associated with HR deceleration.
Sex differences were observed. The main effect difference was significant (p < .01) with the overall mean for males below the basal measure (-2.91) and the overall mean for females slightly above the basal measure (.27). When measures were combined over the time condition, a decrease in HR to the vicarious and imagined conditions was observed for both males and females, the latter having decreased somewhat more from the basal measure. On the other hand, both sexes manifested an increase to the direct condition, the males proving to have increased the most from the basal measure.
A final significant interaction (p < .01) was observed between the stress conditions and the sequence in which they were administered. The special hypotheses that previous direct experience with the noxious agent would facilitate arousal to the imagined and vicarious experiences were examined. Significant differences were not observed between groups differing in the order in which they received the vicarious and direct experiences. On the other hand, imagining the icecold water before direct experience produced significantly greater increases in HR than was the case when the imagined experience followed the direct experience (Xs = 4.68 and 1.43, rspectively; t = 12.29, df = 70, p< .01).
Respiration Rate
Significant differences were observed across the stress conditions (p < .01) only when time periods were combined. Whereas an increase from the base rate appeared during the vicarious (J? = .12) and imaginative conditions (^ = .06), a decrease was observed during the direct condition (% = -.67). Individual t tests indicated that the direct experience significantly differed (p < .05) from the vicarious and imagined experiences, but the latter did not differ from each other.
DISCUSSION
The findings were consistent with the hypothesis that the direct, imagined, and vicarious arousal conditions would differ quantitatively and qualitatively from each other in the degree and pattern of autonomic arousal produced. In terms of the degree of deviation from the resting measure, direct arousal produced larger magnitude responses than one or both of the other stress experiences in the SC measure, frequency of nonspecific GSRs, and changes in HR and RR. Further, arousal to the direct experience was maintained for a longer period of time. The magnitude of responses to the imaginary and vicarious experiences appeared to be contingent upon the autonomic response measure that was selected. Others have provided evidence indicating that physiological arousal can be produced by imagined aversive situations (Barber & Hahn, 1964; Grossberg, 1967) and by observing others in aversive situations (Bandura & Rosenthal, 1966; Berger, 1962; Craig &Weinstein, 1955) .
Of somewhat more importance were the qualitative distinctions among arousal to the vicarious, imaginary, and direct experiences. In all conditions there were increases in SC and in the frequency of nonspecific GSRs when measures were combined over the anticipatory and test periods. On the other hand, HR and RR measures operated in opposite directions in different conditions. HR decreased from the resting level for all stress conditions during the anticipatory period. However, HRs taken during the test periods indicated acceleration above the resting level for the imagined and direct stresses and deceleration for the vicarious condition. The findings were consistent with the observations of Lacey, Kagan, Lacey, and Moss (1963) who suggested that, "cardiac deceleration accompanied and perhaps even facilitated ease of 'environmental intake,' whereas cardiac acceleration accompanied or facilitated 'rejection of the environment ' [p. 165] ." A more recent review provides neurophysiological and experimental support (Lacey, 1967) . Graham and Clifton (1966) have integrated Lacey's observations with Sokolov's theory on the participation of autonomic feedback mechanisms in the control of receptor sensitivity.
The differences between direct and vicarious arousal have major implications for studies of vicariously conditioned emotional responses (Bandura & Rosenthal, 1966; Berger, 1962; Craig & Weinstein, 1965) . The possibility that cardiac deceleration reflects increased sensitivity to environmental input suggests that central or cognitive processes play an important role in determining the behavioral consequences of vicarious experience. Further, the suggestion that vicarious arousal is associated with increased sensitivity to stimulus input may account, in part, for the findings of Hillix and Marx (1960) and Kanfer and Marston (1963) who have noted that Ss who observe subsequently perform better than those who were directly reinforced for their own performance.
The sequence effects were of interest. Berger (1962) has suggested that arousal produced by situations in which the observer anticipates having to undergo the noxious experience is only pseudovicarious arousal. Several studies of vicarious arousal have endeavored to control for pseudovicarious effects by reassuring Ss that they would not be required to undergo the aversive experience. This, clearly, could not be done in the present study since permission to have 5s go through the cold pressor experience was necessary. However, it is not clear that the situation described by Berger is not vicarious arousal. If one assumes that the development of the capacity for vicarious experience is in part the consequence of shared pleasant and unpleasant experiences with others in the past (Bandura, 196S) , then the capacity for vicarious arousal would appear to have its origins in situations similar in their consequences to what Berger would call pseudovicarious arousal. Clearly, the characteristics of the two situations require further analysis.
The significant sequence effects observed in the present study indicated that having already undergone the cold pressor test led to less vicarious arousal when SC changes were examined but the order of the experiences was not related to HR changes. The order of the imagined and direct experiences was related to SC and HR changes. Prior experience with the cold pressor led to less reactivity in both measures than was the case when the direct experience was to follow the imagined experience. Various processes including habituation and the knowledge that one would not have to undergo the noxious experience again could account for these findings.
The observation that direct arousal decreased the RR whereas the rate remained relatively constant for the imagined and vicarious conditions does not appear to have the theoretical significance that the differential HR responses have. The findings contradict Schacter (19S7) who observed increased RRs in the cold pressor situation. However, Engel (1959) did not observe increased RRs to the cold pressor and concluded that increased RR is not a necessary consequence of painful stimulation.
Differences in the pattern of arousal to direct and imagined experiences were not clearcut. The relatively short period between the initiation of imagined stress and peak SC suggests that the effects of imagined stress are relatively transient. Desensitization procedures using models (Bandura et al., 1967) may be more effective in producing controlled arousal for longer periods of time. One would further expect that the degree and quality of emotional arousal would be a function of the extent to which S can vividly imagine the stress experience.
The extent to which the findings were specific to the use of the cold pressor test and volunteer Ss cannot be ascertained. The pattern of pain elicited at the cutaneous contact receptors, and the subsequent physiological arousal, would be expected to differ from the pattern of stress response elicited through distance receptors by socially aversive stimulation. Further, it may be that clinical populations, or "normal" populations exposed to others experiencing somewhat more potent threats (Lazarus, Speisman, Mordkoff, & Davison, 1962) would manifest a pattern of vicarious arousal similar to that produced by the cold pressor test. Since the study has implications for clinical phenomena (desensitization procedures and phobic responses), further research into the pattern of physiological arousal produced in clinical populations by vicarious experiences would appear to be warranted.
